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A method of preparing 4-methyl-3-decen-5-one.
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catalyst, wherein the metal catalyst contains a catalytic
metal deposited on nanoparticle support.

—o— 2wt%/Au=0.09mol%
—— 10wt%/Au=0.46 mol%
X 20wt%/Au=0.92 mol%

100% -

80%

60%

Yield %

40%

20%

0% A T T T T

—— 5wt%/Au=0.23 mol%

—&— 7.5wt%/Au=0.34 mol%

T T T T T

0 2 4 6 8 10 12
Time (h)
Figure 1

Printed by Jouve, 75001 PARIS (FR)



10

15

20

25

30

35

40

45

50

55

EP 3 181 543 A1
Description
FIELD OF THE INVENTION

[0001] The presentinvention relates to the preparation of 4-methyl-3-decen-5-one (Formula I) by oxidizing 4-methyl-
3-decen-5-ol (Formula Il) in the presence of a metal catalyst. 4-Methyl-3-decen-5-one is a fragrance ingredient useful
in perfumes, toilet waters, colognes, personal products and the like.

S

Formula 1

/ Formula 11

OH
BACKGROUND OF THE INVENTION

[0002] The preparation of 4-methyl-3-decen-5-one was described in US Patent Application Publication No.
2006/0178291 A1 via the Oppenauer oxidation reaction using 45 mol% of aluminum isopropoxide and 3 equivalents of
acetone based on the starting material 4-methyl-3-decen-5-ol. This reaction generates a large amount of solid waste
due to the use of aluminum isopropoxide during industrial manufacturing. The solid aluminum waste is an environmental
hazard and requires costly disposal.

[0003] Villa et al. reported oxidation of allylic alcohols such as cinnamyl alcohol using Au-Pd catalyst supported on
carbon nanotubes. See Villa, et al., Catalysis Today 157, 89 (2010). Abad et al. studied the oxidation of secondary allylic
alcohols to their corresponding ketones using gold nanoparticles deposited on nanocrystalline cerium oxide. See Abad
et al., Angewandte Chemie International Edition 44, 4066 (2005) and Chemical Communications 2006, 3179. Other
catalysts for oxidizing allylic alcohols include manganese dioxide, Osmium tetraoxide, Pt/Bi/graphite, and chromic acid.
See Giritter et al., J. Org. Chem. 24 (8), 1051-56 (1959); Cha et al., Tetrahedron 40(12), 2247-55 (1984); Lee et al.,
Green Chemistry 2, 279-82 (2000); Harding et al., J. Org. Chem. 40, 1664-65 (1975). None of these oxidation reactions
have been applied to prepare 4-methyl-3-decen-5-one.

[0004] There is a need to develop an efficient and environment friendly process to prepare 4-methyl-3-decen-5-one
at large scale.

SUMMARY OF THE INVENTION

[0005] Thisinvention is based on the discovery that 4-methyl-3-decen-5-one can be prepared at a high yield in a green
process, namely, selectively oxidizing 4-methyl-3-decen-5-ol using a metal catalyst.

[0006] Accordingly, one aspect of this invention relates to a method of preparing 4-methyl-3-decen-5-one by oxidizing
4-methyl-3-decen-5-0l in the presence of (i) oxygen and (ii) a metal catalyst, wherein the metal catalyst contains a
catalytic metal deposited on a nanoparticle support.

[0007] The catalytic metal is typically a hydrogenation metal. Non-limiting examples of the catalytic metal are Pd, Au,
Pt, Ru, Rh, or any combination thereof. Au is a preferred catalytic metal. By weight of the metal catalyst, the catalytic
metal (e.g., Au) is present in an amount of 0.1 to 10%.

[0008] The nanoparticle support is typically an organic or inorganic carrier selected from oxides of alkaline-earth
metals, lanthanides, and p-bloc elements. Exemplary nanoparticle supports include iron oxide, titanium oxide, cerium
oxide, zirconium oxide, alumina, charcoal, hydroxyapatite, or any combination thereof. These supports are in the form
of nanoparticles having a particle size of 0.05 to 200 nanometers (e.g., 0.05 to 100 nm, 0.1 to 50 nm, and 0.1 to 25 nm).
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[0009] In some embodiments, the metal catalyst further contains one or more doping metals such as alkali metals
(e.g., Li, Na, K, Rb, and Cs), alkaline earth metals (e.g., Be, Mg, Ca, Sr, and Ba), and any combination thereof. The
doping metal can also be Fe, Mn, or a combination thereof. These doping metals (e.g., Na, Fe, and Mn) are typically
present in an amount of 0 to 50,000 ppm (e.g., 10 to 40,000 ppm, 10 to 10,000 ppm, 20 to 5,000 ppm, 50 to 3,000 ppm,
and 100 to 2,000 ppm) by weight of the metal catalyst.

[0010] In any of the above described methods, oxygen can be provided in the form of an oxygen gas, air, stripped air,
enriched air, or any combination thereof. The oxidization reaction is preferably carried out at a temperature of 20 to 240
°C (e.g., 40 to 140 °C) and at a pressure of 0.1 to 20 bars (e.g., 1 to 15 bars).

[0011] The any method described above, the oxidization reaction can be performed in the presence or absence of a
solvent. Examples ofthe solventinclude water, halogenated or non-halogenated alkyl and/or aromatic solvents, carboxylic
acid solvents, and any combination thereof.

[0012] In some embodiments, the oxidization reaction is performed in a batch reactor. The metal catalyst is present
in an amount of at least 1% (e.g., at least 3%, at least 6%, at least 6.5%, at least 7%, 1 to 50%, 6 to 50%, 3 to 40%, 6.5
to 40%, 5 to 20%, and 7 to 20%) by weight of 4-methyl-3-decen-5-ol. The catalytic metal (e.g., Au) is present in an
amount of at least 0.05 molar % (e.g., at least 0.3 molar %, 0.01 to 10 molar %, 0.3 to 5 molar%, and 0.3 to 2 molar %)
that of 4-methyl-3-decen-5-ol.

[0013] In other embodiments, the oxidization reaction is performed in a semi-continuous or continuous reactor. The
continuous reactor can be a single Continuous Stirred Tank Reactor (CSTR), multiple CSTRs in series, or a microreactor.
[0014] A CSTR is an open system having a tank of a constant volume, a feed pipe, and an exit pipe. Both the feed
pipe and exit pipe are separately connected to the tank. The starting material (4-methyl-3-decen-5-0l) is continuously
introduced into the tank via the feed pipe and the product (4-methyl-3-decen-5-one) is continuously removed from the
tank via the exit pipe. The reaction occurs within the tank. For exemplary chemical processes using CSTRs, see US
Patent Application Publication No. 20150133694.

[0015] A microreactor is a device containing one or more reaction channels each having an internal diameter (ID) of
0.1 to 200 mm (e.g., 0.2 to 150 mm, 0.2 to 100 mm, 0.3 to 100 mm, 0.3 to 50 nm, and 0.4 to 50 mm, and 0.5 to 20 mm).
[0016] Both a CSTR and microreactor can be a packed bed reactor, wherein the reactor is packed with materials such
as metal catalyst, glass beads (having a particle size of 10 to 100 um). As used herein, the terms "packed" and "packing"
mean to fill a reactor with one or more materials that allow efficient production of 4-methyl-3-decen-5-one. In one
embodiment, the CSTR or microreactor is packed with a metal catalyst to 20 to 90% volume of the reactor.

[0017] The details of one or more embodiments of the invention are set forth in the description below. Other features,
objects, and advantages of the invention will be apparent from the description, drawings, and claims.

BRIEF DESCRIPTION OF THE DRAWING

[0018] Figure 1 shows the yield of 4-methyl-3-decen-5-one vs reaction time in five reactions each using a different
amount of Au/CeO, catalyst.

DETAILED DESCRIPTION

[0019] 4-Methyl-3-decen-5-one can be prepared at a high yield through a heterogeneous catalytic reaction, namely,
a selective oxidization reaction of 4-methyl-3-decen-5-ol with an oxygen-containing gas using a metal catalyst that
contains a catalytic metal deposited on a nanoparticle support.

[0020] Examples for the oxygen-containing gas include air, pure oxygen gas, air enriched with oxygen, pure oxygen
diluted in an inert gas such as nitrogen, helium or argon. A metal catalyst as used herein refers to a catalyst containing
a catalytic metal, a nanoparticle support, and, optionally, a promoter metal, wherein the catalytic metal is deposited on
the nanoparticle support.

[0021] The catalytic metal contained in the metal catalyst is typically a hydrogenation metal, a metal that catalyzes a
hydrogenation or oxidation reaction. It can be selected from the group consisting of noble and transition metals, such
as gold (Au), platinum (Pt), palladium (Pd), ruthenium (Ru), rhodium (Rh), iridium (Ir), iron (Fe), nickel (Ni), and manganese
(Mn), or combinations thereof. The weight percentage of the catalytic metal, by weight of the metal catalyst, is in the
range of 0.05 to 20 %, preferably 0.1 to 20 %, and more preferably 0.5 to 10%.

[0022] A promoter metal contained in the metal catalyst does not itself catalyze a hydrogenation or oxidation reaction.
However, when combining with a catalytic metal, it will increase the catalytic effect (e.g., increasing reaction speed,
selectivity, and/or yield) of the catalytic metal. Examples of a promoter metal are alkaline or alkaline-earth metals such
as Li, Na, K, Rb Cs, Be, Mg, Ca, Sr, Ba, and combinations thereof. The amount of the promoter metal is preferably
between 1 and 40,000 ppm (e.g., 10 and 50,000 ppm, 10 and 20,000 ppm, 100 and 20000ppm, 100 and 10,000 ppm,
200 and 5000 ppm, 400 and 4000 ppm) by weight of the metal catalyst.

[0023] The nanoparticle support is a nanoparticle of a metal oxide selected from the group consisting of oxides of
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alkaline-earths, transition metals, lanthanides and p-bloc elements, such as silicon dioxide (SiO,), magnesium oxide
(MgO), aluminum oxide (Al,O3), titanium dioxide (TiO,), cerium dioxide (CeO,), zirconium dioxide (ZrO,), or mixtures
thereof. Charcoal sometimes can also be used as a nanoparticle support in this invention.

[0024] In one embodiment, the metal catalyst is a gold catalyst containing gold deposited on a nanoparticle support
(e.g., a cerium dioxide nanoparticle support). By weight of the gold catalyst, the gold content is 0.1 to 20% (e.g., 0.2 to
15% and 0.5to 10%), and the cerium oxide nanoparticle support contentis 8010 99.9% (e.g., 85t099.8% and 9010 99.5%).
[0025] Inanotherembodiment, the metal catalystis a sodium-doped gold catalyst containing gold and sodium deposited
on a cerium dioxide nanoparticle support. The sodium content is 1 and 100,000 ppm (e.g., 1 and 40,000, 10 and 40,000
ppm, 100 and 20,000 ppm, 200 and 10,000 ppm, 400 and 5,000 ppm) by weight of the metal catalyst. By adding the
promoter metal sodium to the gold catalyst, the selectivity and yield of the desired product is unexpectedly improved.
Also improved is the selectivity towards the desired product (4-methyl-3-decen-5-one). Moreover, the presence of an
alkaline metal increases the stability and reusability of the metal catalyst.

[0026] The metal catalyst may be prepared following known methods such as impregnation of a nanoparticle support
with a catalytic metal salt aqueous solution obtained by dissolving a catalytic metal halogen acid or salt in water. As an
illustration, a nanoparticle support (e.g., a CeO, nanoparticle) isimmersed in a HAuCl, solution so that gold nanoparticles
are absorbed onto the nanoparticle support. Another preparation method involves the precipitation of a catalytic metal
(e.g., an insoluble metal hydroxide) onto a nanoparticle support.

[0027] The metal catalyst, before its use in reaction, can be further treated such as calcination (thermal treatment) at
a temperature of 25 to 800 °C (e.g., 50 to 600 °C, 50 to 400 °C, 50 to 250 °C, and 50 to 220°C) in the presence of an
oxidant or reduction gas (e.g., air and hydrogen gas), or an inert gas (nitrogen), in static or flow conditions.

[0028] Another post-synthesis treatment of the metal catalyst is the reduction of a catalytic metal compound in a
solution of a primary or secondary alcohol such as phenylethanol at a pre-determined temperature (e.g., between 40
and 240°C) under nitrogen flow for a period of 5 minutes to 24 hours. As an illustration, alcohol phenylethanol, under
nitrogen flow, is added to a gold catalyst supported on cerium dioxide nanoparticle (Au/CeO,). The weight ratio between
Au/CeO, and phenylethanol is 1 : 100 to 1 : 2. The resultant suspension is then heated to a pre-determined temperature
(e.g., 40 to 120 °C) for a period of 10 minutes to 5 hours (e.g., 15 minutes to 3 hours). Subsequently, the suspension is
filtered and the reduced metal catalyst was washed several times (e.g., 1-10 times and 2-5 times) with an organic protic
solvent such as acetone, ethanol, methanol, and isopropanol. The reduced metal catalyst (e.g., reduced Au/Ce0,) is
then dried for several hours (e.g., 1 to 10 hours and 1 to 5 hours) at a temperature 50 to 100°C.

[0029] The combination of these post-synthesis treatments can be performed. Moreover, the metal catalyst can be
used as prepared without any post-synthesis treatment.

[0030] The oxidation of 4-methyl-3-decen-5-ol is performed in the presence of one of the metal catalysts described
above. The amount of the metal catalyst is typically in the range of 0.01 to 50% (e.g., 0.1 to 50%, 1to 50%, 6 to 50%, 1
to 40%, 6 to 40%, 3 to 40%, 6.5 to 40%, 3 to 30%, 7 to 30%, 4 to 15%, and 7.5 to 20%) with respect to the weight of 4-
methyl-3-decen-5-ol. By illustration, when oxidizing 1 gram of 4-methyl-3-decen-5-0l, it is preferred to use 0.03 to 0.4
grams (e.g., 0.06 to 0.4 grams) of the metal catalyst, namely, 3 to 40% (e.g., 6 to 40%) with respect to the weight of 4-
methyl-3-decen-5-ol. In each of these metal catalysts, the catalytic metal is typically present at a level of 0.01 to 50%
(e.g., 0.1 t0 40%, 0.5 to 30% and 1 to 20%) by weight of the metal catalyst. The molar ratio of 4-methyl-3-decen-5-ol to
the catalytic metal can be between 15 : 1 and 150000 : 1 (e.g., 20 : 1 t0 20000 : 1,20 :1to 1000 : 3, 50 : 1 to 5000 : 1,
and 50 : 1 to 1000 : 3). In term of molar percent, the catalytic metal is present in an amount of 0.0007 to 6.7 molar%
(e.g., 0.005 to 5 molar%, 0.3 to 5 molar%, 0.02 to 2 molar%, and 0.3 to 2 molar%) with respect to the mole of 4-methyl-
3-decen-5-ol.

[0031] The oxidation of 4-methyl-3-decen-5-ol to 4-methyl-3-decen-5-one can be performed in a reactor filled with an
oxygen-containing gas, either in a static condition (i.e., in a conventional static reactor) or in a flow of the oxygen-
containing gas (i.e., in a flow reactor). In either condition, the oxygen-containing gas in the reactor preferably has a
pressure of 0.1 to 30 bars, more preferably 1 to 15 bars. In a flow reactor, the oxygen-containing gas has a flow of 0.2
to 100 mL/min (preferably, 0.5 to 30 mL/min) for each gram of 4-methyl-3-decen-5-ol.

[0032] In some embodiments, the reaction temperature is in the range of 20 to 240 °C. Preferably, it is in the range
of 60 to 140 °C. More preferably, it is in the range of 75 to 110 °C.

[0033] The oxidization reaction can be performed in the presence of absence of a solvent. Exemplary solvents include
nitriles (e.g., acetonitrile and benzonitrile), halogen- or non-halogen-containing alkyl and/or aromatic solvents (e.g.,
benzene, toluene and trifluorotoluene), carboxylic acid solvents (e.g., acetic and propionic acid).

[0034] In this invention, the oxidation reaction of 4-methyl-3-decen-5-ol produces water and the desired product 4-
methyl-3-decen-5-one. When the oxidation reaction achieves its equilibrium, the ratios among 4-methyl-3-decen-5-ol,
4-methyl-3-decen-5-one, and water remains constant. To shift the equilibrium, water is removed from the reaction mixture
using any distillation technique or, by adsorption using a drying agent such as a molecular sieve.

[0035] The oxidization reaction can be accelerated by a base. Optionally oxidizing 4-methyl-3-decen-5-ol is carried
out in the presence of an inorganic base, an organic base, or a combination thereof. Preferably, the inorganic base is
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selected from the group consisting of alkaline and/or earth-alkaline hydroxides, carbonates, phosphates, and combina-
tions thereof. The organic base can be selected from the group consisting of alkaline alcoholates, phosphazenes, amines,
quaternary ammonium hydroxides, and combinations thereof.

[0036] The oxidation reaction occurs either in a batch reactor, a semicontinuous reactor, or a continuous reactor.
[0037] A batch reactor refers to a conventional static reactor, in which 4-methyl-3-decen-5-ol, the metal catalyst, and
the oxygen-containing gas are secured in the reactor to allow the oxidization reaction to occur.

[0038] A semicontinuous or continuous reactor refers to a flow reactor including a single Continuous Stirred Tank
Reactor (CSTR), multiple CSTRs in series, or a microreactor. In some embodiments, liquid 4-methyl-3-decen-5-ol is
pumped into a flow reactor together with the oxygen-containing gas. In other embodiments, 4-methyl-3-decen-5-ol is
dissolved in a solvent or mixed in-line using a static mixer before entering the reactor. In still other embodiments, the
reactor may include a catalyst retainer to prevent the metal catalyst from moving out of the reactor. In some embodiments,
the reactor system is heated using a heating circulating oil bath or electrical heater. From the reactor system, the reaction
mixture is collected in a product receiver. The reaction mixture is analyzed for reaction completion using an instrument
such as Gas Chromatography (GC).

[0039] All parts, percentages and proportions referred to herein and in the claims are by weight unless otherwise
indicated.

[0040] The values and dimensions disclosed herein are not to be understood as being strictly limited to the exact
numerical values recited. Instead, unless otherwise specified, each such value is intended to mean both the recited
value and a functionally equivalent range surrounding that value. For example, a value disclosed as "50%" is intended
to mean "about 50%."

[0041] As used herein L is understood to be liter, mL is understood to be milliliter, M is understood to be mole/liter, m
is understood to be meter, mm is understood to be millimeter, um is understood to be micrometer, nm is understood to
be nanometer, mol is understood to be moles, psig is understood to be pounds per square inch gauge, g is understood
to be gram, kg is understood to be kilogram, and min is understood to be minutes.

[0042] The invention is described in greater detail by the following non-limiting examples. Without further elaboration,
itis believed that one skilled in the art can, based on the description herein, utilize the present invention to its fullest extent.
[0043] All publications cited herein are incorporated by reference in their entirety.

EXAMPLE 1
4-methyl-3-decen-5-one was prepared using metal catalyst Au/CeO, nanoparticle.

Synthesis of Catalyst I: Au/CeO,

[0044] A cerium oxide (CeO,) nanoparticle was prepared as a nanoparticle support for the metal catalyst. An aqueous
solution of Ce(NOs), (375 mL, 0.8 M) was treated with an aqueous solution of ammonia (1.12 L, 0.8 M), under magnetic
stirring at room temperature (i.e., 20 °C) to form a CeO, nanoparticle. Consequently, the dispersion of CeO, nanoparticle
was heated to 100°C, in a closed PET vessel, for 24 hours. The resulting yellow precipitate was filtered and dried under
vacuum overnight. The CeO, nanoparticle thus prepared showed a small particle size (diameter < 10 nm) and a high
surface area (180 m2/g).

[0045] Gold nanoparticles were then deposited on the CeO, nanoparticles as follows. HAuCI4+3H20 (100 mg) was
dissolved in water (100 mL) and the pH was adjusted to 10 to obtain a gold solution, which was then added to CeO, (1
g) nanoparticle suspension in water (50 mL). The pH of the resulting slurry was adjusted to 10. The slurry was stirred
vigorously for 18 hours at room temperature to obtain Catalyst I, Au/CeO,, as a solid precipitation, collected by filtration
and washed with water.

[0046] Catalyst | was dried under vacuum at room temperature for 1 hour. The Au content was 4.5 wt% by weight of
Catalyst | as determined by chemical analysis.

Synthesis of 4-methyl-3-decen-5-one using Catalyst |

[0047] Inathree-necked-round flask equipped with a Dean Stark apparatus and a condenser, 1 g of 4-methyl-3-decen-
5-ol was added to 75 mg of Catalyst | (the metal catalyst 7.5% by weight of 4-methyl-3-decen-5-ol and Au 0.34 mol%
by mole of 4-methyl-3-decen-5-ol). A flow of air (10 mL/min) at atmospheric pressure was passed through the resultant
mixture under stirring at a temperature of 100°C. The oxidization of 4-methyl-3-decen-5-ol was monitored by GC or GC-
MS analysis of samples taken at different reaction times. In the GC analysis, dodecane was used as the external standard.
After 7 hours, the product 4-methyl-3-decen-5-one was obtained at a yield of 76% with a selectivity of 96.5%.

[0048] The yield was calculated as follows: the actual amount of 4-methyl-3-decen-5-one obtained from the reaction
(g) / the theoretical yield of 4-methyl-3-decen-5-one (g) x 100%. The theoretical yield refers to the amount of 4-methyl-
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3-decen-5-one when all 4-methyl-3-decen-5-ol is converted without giving any by-product.
[0049] The selectivity refers to the molar percent of reacted 4-methyl-3-decen-5-ol that is converted to 4-methyl-3-
decen-5-one.

EXAMPLE 2

Synthesis of Catalyst Il: Na (1000ppm)-doped Au/CeO,

[0050] Catalyst | was reduced using phenylethanol and doped with 1000 ppm sodium to obtain Catalyst Il following
the procedure below.

[0051] In atwo-necked round flask equipped with a condenser, 12 mL of phenylethanol were added under a nitrogen
flow (5 ml/min) followed by adding 1 g of Catalyst | (Au/CeO,). The resultant mixture containing the solid catalyst was
heated to 80 °C and held at this temperature for 2 hours under agitation. Subsequently, the solid catalyst was collected
by filtration, washed exhaustively with acetone (500 mL), and dried for 3 hours at 100 °C. Then the solid catalyst was
suspended in 0.5 mL of an aqueous solution of sodium acetate (0.52 M).

[0052] Drying the suspension at 100 °C yielded Catalyst I, i.e., Na (1000 ppm)-doped Au/CeO,.

Synthesis of 4-methyl-3-decen-5-one using Catalyst Il

[0053] 4-Methyl-3-decen-5-one was prepared following the same procedure as described in Example 1 except that
Catalyst Il was used instead of Catalyst I. The yield and selectivity of 4-methyl-3-decen-5-one were 83.5 and 98.5%,
respectively.

[0054] Table 1 below summarizes the results obtained in Examples 1 and 2.
TABLE 1
4-methyl-3-decen-5-ol 4-methyl-3-decen-5- 4-methyl-3-decen-5-one
EXAMPLE | Catalyst Conversion (%) one yield (%) selectivity (%)
1 Au/CeO, 79 76 96.5
Na(1000

2 ppm)-Au/CeO, 85 83.5 98.5

EXAMPLE 3

Reuse of Catalyst Il, Na (1000 ppm)-doped Au/CeO,

[0055] Catalyst Il used in the reaction described in Example 2 was collected and reused to prepare 4-methyl-3-decen-
5-one following the same procedure in Example 2 above. After 7 hours of reaction time, the 4-methyl-3-decen-5-one
yield and selectivity were 88 and 96.5, respectively.

EXAMPLE 4

Synthesis of Catalyst IV: Au/HPA

[0056] CatalystlV,i.e., gold supported on hydroxyapatite nanoparticle (Au/HPA), was prepared following the procedure
as follows. Two solution were prepared: a first solution of Ca(NO3),-4H,0 (15.74 g, 0.066 mol) in water (150 mL) and
a second solution of (NH4),HPO, (5.28 g, 0.04mol) in water (120 mL). The pH of both solution was brought to pH = 11
with concentrated ammonia solution (NH,OH). To the first solution under agitation was added the second solution
dropwise over a period of 30 minutes to produce a milky mixture, which was then stirred at 90 °C 2 hours. A HPA
nanoparticle was formed, collected by filtration, washed with water, and dried at 120°C for 16 hours.

[0057] Au nanoparticles were then deposited onto the HPA nanoparticle thus prepared. More specifically, a solution
of urea (600mg in 30 mL of water) was added to 1 g of HPA nanoparticle, followed by the addition of a HAuCl,*3H,0
solution (35 mg in 5 mL of water). The resultant mixture was vigorously stirred at 90°C for 4 hours to obtain an Au/HPA
solid, which was collected by filtration, washed with water and acetone and dried by air. The Au/HPA solid was then
reduced by NaBH, (0.07M, 15 mL in water) at room temperature for 30 minutes to obtain Catalyst IV.

[0058] Filtration, water washing, and drying at 100 °C overnight gave about 1 g of Catalyst IV: Au/HPA. The Au content
was found to be 2wt% as determined by chemical analysis.
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Synthesis of 4-methyl-3-decen-5-one using Catalyst IV

[0059] In an autoclave, 1.48 g of 4-methyl-3-decen-5-ol were added to 250 mg of Catalyst IV (17% the metal catalyst
by weight of 4-methyl-3-decen-5-ol and 0.34 mol% Au by mole of 4-methyl-3-decen-5-ol). A flow of air (20 mL/min) at
atmospheric pressure was passed through the resultant mixture under stirring at a temperature of 100°C. The oxidization
of 4-methyl-3-decen-5-ol was monitored by GC or GC-MS analysis.

[0060] After4.5hours, 4-methyl-3-decen-5-one was obtained with the yield and selectivity at 89 and 92 %, respectively.

EXAMPLE 5

Synthesis of Catalyst V: Pt-Au/CeO,

[0061] CatalystV, i.e., Au/CeO, doped with 200 ppm of platinum, was prepared as follows. A solution of 12.7 mg of
chloroplatinic acid hexahydrate in 10 mL of water was prepared. 0.5 mL of this solution was then added to 1 g of Catalyst
| described in Example 1. The resultantslurry was dried for 12 hours at 100°C to obtain a Pt-Au/CeO, solid. Subsequently,
the solid was added to 12 mL of phenylethanol under nitrogen flow (5 ml/min), heated to 80°C, and maintained at this
temperature for 2 hours to obtain Catalyst V, which was collected by filtration, washed with acetone, and dried at 100°C
for 3 hours.

Synthesis of 4-methyl-3-decen-5-one using Catalyst V

[0062] In an autoclave, 1 g of 4-methyl-3-decen-5-ol was added to 75 mg of Catalyst V (the metal catalyst 7.5% by
weight of 4-methyl-3-decen-5-ol and Au 0.34 mol% by mole of 4-methyl-3-decen-5-ol). A flow of air (10 mL/min) under
a pressure of 4.5 bars was passed through the resultant mixture under stirring at a temperature of 100°C. The oxidization
of 4-methyl-3-decen-5-ol was monitored by GC. After 1 hour, 4-methyl-3-decen-5-one was obtained at a yield of 53%
and a selectivity of 88%.

EXAMPLE 6

Synthesis of Catalyst VI: Mn-Au/CeO,

[0063] Catalyst VI, ie., Au/CeO, doped with 200 ppm of manganese, was prepared following the below procedure. A
MnCl, solution was prepared by dissolving 18 mg of manganese (ll) chloride tetrahydrate in 100 mL of water. 5 mL of
this solution was added to 1 g of Catalyst | described above. The resultant suspension was stirred for 2 hours at room
temperature. The Mn-Au/CeO, solid in the suspension was filtered and dried at 100°C for 12 hours.

[0064] Consequently, the dried Mn-Au/CeO, was reduced using 12 mL of phenylethanol at 80°C for 2 hours to obtain
Catalyst V, which was collected by filtration, washed with acetone, and dried for 3 hours at 100°C.

Synthesis of 4-methyl-3-decen-5-one using Catalyst VI

[0065] 4-Methyl-3-decen-5-one was prepared following the same procedure as described in Example 5 except that
(i) Catalyst VI was used instead of Catalyst V and (ii) the reaction time was 3 hours instead of 1 hour. Its yield and
selectivity were 68% and 88%, respectively.

EXAMPLE 7

Synthesis of Catalyst VII: Fe-Au/CeO,

[0066] Catalyst VI, i.e., Au/CeO, doped with 200 ppm of iron, was prepared as follows. A FeCl, solution was prepared
by dissolving 12.5 mg of iron (ll) acetate in 100 mL of water. 5 mL of this solution was added to 1 g of Catalyst |. The
resultant suspension was stirred for 2 hours at room temperature. The Fe-Au/CeO, solid in the suspension was filtered
and dried at 100 °C for 12 hours.

[0067] Consequently, the dried Fe-Au/CeO, was reduced using 12 mL of phenylethanol at 80°C for 2 hours to obtain
Catalyst VII, which was collected by filtration, washed with acetone, and dried for 3 hours at 100°C.

Synthesis of 4-methyl-3-decen-5-one using Catalyst VI

[0068] 4-Methyl-3-decen-5-one was prepared following the same procedure as described in Example 5 except that
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Catalyst VIl was used instead of Catalyst V. Its yield and selectivity were 52% and 88%, respectively.
EXAMPLE 8

Synthesis of Catalyst VIII: Au/C

[0069] CatalystVlIl,i.e., gold (2wt%) supported on a carbon nanoparticle, was prepared following the below procedure.
[0070] A first solution, i.e., Solution A, was prepared by dissolving 75 mg of HAuCl4*3H,0 in 500 mL water.

[0071] A second solution, i.e., Solution B, was prepared by dissolving 75 mg of poly(vinyl alcohol) in 3.75 mL of water.
[0072] The two solutions were combined, followed by addition of a NaBH, (72.5 mg of NaBH, in 19 mL of water)
dropwise. The pH of the resultant mixture was adjusted to 2 to obtain a reduced gold solution. Subsequently, 250 mL
of this reduced gold solution was added to 0.626 g of carbon nanoparticle and stirred for 2 hours at room temperature
to obtain Catalyst VIII, which was collected by filtration, washed with water, and dried at 60°C overnight. Catalyst VIIl,
i.e., Au/C, contained 2 wt% gold.

Synthesis of 4-methyl-3-decen-5-one using Catalyst VIII: Au/C

[0073] 4-Methyl-3-decen-5-one was prepared following the same procedure as described in Example 5 except that
(i) 150 mg of Catalyst VIIl was used instead of 75 mg of Catalyst V, and (ii) the reaction time was 5 hours instead of 1
hour. Its yield and selectivity were 49% and 57 %, respectively.

EXAMPLES 9-13

Example 9: Synthesis of 4-methyl-3-decen-5-one using 2 wt% Catalyst Il

[0074] In an autoclave, 1 g of 4-methyl-3-decen-5-ol was added to 20 mg of Catalyst Il (Au/CeO, 2% by weight of 4-
methyl-3-decen-5-ol and Au 0.09 mol% by mole of 4-methyl-3-decen-5-ol). A flow of oxygen (10 mL/min) under pressure
at 4.5 bars was passed through the resultant mixture under stirring at a temperature of 100°C. The oxidization of 4-
methyl-3-decen-5-ol was monitored by GC. Samples were drawn at different reaction time points and analyzed for the
yield and selectivity of 4-methyl-3-decen-5-one. The results were shown in Figure 1 and Table 2 below.

Example 10: Synthesis of 4-methyl-3-decen-5-one using 5 wt% Catalyst ||

[0075] Another reaction was carried out using 5 wt% Catalyst Il (0.23 mol% Au) by weight of 4-methyl-3-decen-5-ol
following the same procedure above except that different amount of the metal catalyst was used. The results were shown
in Figure 1 and Table 2 below.

Example 11: Synthesis of 4-methyl-3-decen-5-one using 7.5 wt% Catalyst II

[0076] A third reaction was carried out using 7.5 wt% Catalyst Il (0.34 mol% Au) by weight of 4-methyl-3-decen-5-ol
following the same procedure above except that different amount of the metal catalyst was used. The results were shown
in Figure 1 and Table 2 below.

Example 12: Synthesis of 4-methyl-3-decen-5-one using 10 wt% Catalyst Il

[0077] A fourth reaction was carried out using 10 wt% Catalyst Il (0.46 mol% Au) by weight of 4-methyl-3-decen-5-ol
following the same procedure above except that different amount of the metal catalyst was used. The results were shown
in Figure 1 and Table 2 below.

Example 13: Synthesis of 4-methyl-3-decen-5-one using 20 wt% Catalyst Il

[0078] A fifth reaction was carried out using 20 wt% Catalyst 11 (0.92 mol% Au) by weight of 4-methyl-3-decen-5-ol
following the same procedure above except that different amount of the metal catalyst was used. The results were shown
in Figure 1 and Table 2 below.
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Table 2
Catalyst wt%  Aumol% Time (hours) Veridian Yield%  Veridian Selectivity%
2 0.09 12,5 38 93
5 0.23 9 53 92
7.5 0.34 9 92 95
10 0.46 27 95 97
20 0.92 1 93 96

OTHER EMBODIMENTS

[0079] All of the features disclosed in this specification may be combined in any combination. Each feature disclosed
in this specification may be replaced by an alternative feature serving the same, equivalent, or similar purpose. Thus,
unless expressly stated otherwise, each feature disclosed is only an example of a generic series of equivalent or similar
features.

[0080] Indeed, toachieve the purpose of preparing 4-methyl-3-decen-5-one with a high yield and selectivity, one skilled
in the art can choose different catalytic metals, nanoparticle supports, doping metals, reaction temperature, oxygen
sources, pressure, and/or reaction time. Further, the ratios among 4-methyl-3-decen-5-ol, metal catalyst, catalytic metal,
and doping metal can also be determined by a skilled artisan through assays known in the art.

[0081] From the above description, a skilled artisan can easily ascertain the essential characteristics of the present
invention, and without departing from the spirit and scope thereof, can make various changes and modifications of the
invention to adapt it to various usages and conditions. Thus, other embodiments are also within the claims.

Claims

1. A method of preparing 4-methyl-3-decen-5-one, the method comprising oxidizing 4-methyl-3-decen-5-ol in the pres-
ence of (i) an oxygen-containing gas and (ii) a metal catalyst, wherein the metal catalyst contains a catalytic metal
deposited on a nanoparticle support.

2. The method of claim 1, wherein the catalytic metal is Pd, Au, Pt, Ru, Rh, Fe, Mn, or any combination thereof, and
the nanoparticle support is iron oxide, titanium oxide, cerium oxide, zirconium oxide, alumina, charcoal, hydroxya-
patite, or any combination thereof.

3. Themethod of claim 1 or 2, wherein the metal catalyst further contains Li, Na, K, Rb, Cs, Ca, Mg, Ba, or a combination
thereof.

4. The method of claim 3, wherein the metal catalyst further contains Na in an amount of 10 to 40,000 ppm by weight
of the metal catalyst.

5. The method of any one of the preceding claims, wherein the catalytic metal is Au present in an amount of 0.2 to
10% by weight of the metal catalyst.

6. The method of any one of the preceding claims, wherein the oxygen-containing gas is provided in the form of an
oxygen gas, air, stripped air, enriched air, or any combination thereof.

7. The method of any one of the preceding claims, wherein the reaction is performed at a temperature of 20 to 240°C,
and at a pressure of 0.1 to 20 bars.

8. The method of any preceding claims, wherein the reaction is performed in the presence or absence of a solvent,
when a solvent is used, the solvent is selected from the group consisting of a nitrile, a halogen- or non-halogen-

containing alkyl and/or aromatic solvent, a carboxylic acid solvent, and any combination thereof.

9. The method of any one of the preceding claims, wherein the reaction is performed in a batch reactor or a continuous
reactor.

10. The method of claim 9, wherein the continuous reactor is a single CSTR, multiple CSTRs in series, or a microreactor.
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The method of claim 9 or 10, wherein the continuous reactor is a packed bed reactor packed with a glass bead,
metal catalyst, or a combination thereof.

The process of any one of claims 9-11, wherein the catalyst has a volume in the reactor ranging from 20 to 90%.

The process of any one of claims 9-12, wherein the continuous reactor is a microreactor containing channels each
having an internal diameter ranging from 0.1 to 200 mm.

10
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